While numerous reliability studies of several FFQ have been performed, few have included both cases and controls. Those that have been done have generally relied upon parallel analyses being performed separately within the two groups. Based upon the similarity of aggregate statistics for the case and control groups, most investigators have concluded that errors in nutrient intake estimates were not related to disease status. Hankin et al. 4 did find widely discrepant correlation coefficients between certain subgroups of cases and controls, but they attributed this to variability of dietary habits rather than differential recall. Only recently has the long-term recall of cases been directly compared to that of controls. 5 The results of that study suggest the potential for differential misclassification in some situations.
Although it is generally accepted that the misclassification inherent in dietary assessments from FFQ is acceptably low, whether it can also be assumed that the misclassification is non-differential with respect to disease status is controversial. If recall errors are distributed randomly, they could be assumed to be unrelated to disease status. 6 At the same time, if cancer cases changed their diet as a result of disease and/or treatment, then estimates based on current diet, and possibly recall of past diet, may be biased. 7 The current study examined self-reported consumption patterns of foods obtained from FFQ administered at two different times to the mothers of childhood cancer cases and their matched controls. By comparing the dietary data in different ways, it was our purpose to describe and evaluate the magnitude and direction of temporal differences in recall, cases versus controls.
METHODS

Identification of Cases and Controls
The Columbus (Ohio) Children's Hospital Tumor Registry was searched for all primary central nervous system malignancies (ICD-8, code 191) 8 in children Ͻ20 years of age at diagnosis for the period 1 January 1975 to 12 December 1982. Of the 153 cases identified, 107 case mothers were subsequently interviewed over the telephone and included in the original/primary analyses. Using random-digit dialling, healthy control children were selected, individually matched to the case children on the basis of birth year, race, and gender. Attempts were made to identify two control children for each case, with the following result: two controls were interviewed for each of 85 case children, with the remaining 22 cases matched to one control each. Details regarding case and control identification have been published elsewhere. 9 
Survey Methods
The initial telephone survey (time t 1 ) was carried out by trained interviewers during the period 4 January 1983 to 6 January 1984. The interviews lasted 90 minutes on average and consisted of questions on parental demographics, a wide range of environmental factors, and aspects of the index pregnancy, in addition to the retrospectively recalled dietary intakes of the mother (during pregnancy) and the child (during childhood prior to diagnosis, as reported by the mother).
An average of 4.5 years later (time t 2 ), attempts were made to contact all original participants to request completion of a more comprehensive FFQ as part of a focused study of childhood brain tumours and N-nitroso (and related) compounds in the maternal diet. At t 2 the questionnaire was mailed to each mother, followed by a postcard reminder. Those not responding were mailed up to two additional questionnaires. Anyone who had not returned the FFQ was contacted at their last known telephone number, asked if they had received the survey, and reminded to return it. At this time, they were also given the option of being sent another copy of the questionnaire or being contacted at a later date for administration via telephone.
As in the Wilkens et al. study, 5 there were differences in the approach to data collection, t 1 versus t 2 , thereby precluding a strict evaluation of reliability. However, case-control comparisons are valid and potentially informative since both groups were treated identically.
Dietary Assessment Measures
The mothers were questioned about their food consumption patterns while pregnant with the index child. Mothers of cases were also asked about their child's food consumption prior to the age at diagnosis of cancer, the reference age used when the mothers of the matched controls were interviewed. When the biological mother of a child was not available another family member provided the information, although only data pertaining to the child's diet were retained for analysis.
At t 1 , the mothers were asked over the telephone about their intake of 29 foods and eight beverages during pregnancy and their child's intake of the same 29 foods during childhood (see Appendix). At t 2 , the semiquantitative FFQ developed at the National Cancer Institute (NCI) 10 was used, but with modifications designed to maximize comparability between the two time periods. Although the mode of data collection differed, t 1 (telephone) versus t 2 (mail), the method for reporting food intakes was made the same on both occasions: each mother was asked to estimate the number of times she (during pregnancy) and her child (during childhood) consumed each food or beverage 'per day', 'per week', 'per month', 'per pregnancy' ('per year'), or 'never', While qualitative portion sizes were elicited at t 2 , they were not used in the analyses reported on here.
Determination of Nutrient Indices
The original (t 1 ) food list was designed to measure dietary intake of N-nitroso and related compounds. These included the N-nitroso precursors nitrate and nitrite, and the nitrosation modifiers ascorbic acid, alpha-tocopherol, and iodine. N-nitrosodimethylamine (NDMA) was used as a representative preformed N-nitroso compound. 11 For the mothers, the daily intake of alcohol was also assessed since it is thought to modify the availability of N-nitroso compounds. [12] [13] [14] An estimate of the daily dietary intake (DDI) of each compound (or dietary component) of interest contributed by each food item was calculated as F i × P i × C i , where F i was the self-reported average daily frequency of intake of food i, P i was the size of a medium portion of that food in grams, and C i was the amount of the compound (or component) of interest contained in 100 grams of food i. Food-specific intakes were then summed to give an estimated DDI for each dietary component of interest. Note that these estimates are not intended to represent total daily dietary intake, since food items the mothers were questioned about represent a small subset of all foods consumed.
Although the Block/NCI FFQ administered at t 2 included a total of 128 foods and beverages, the dietary intakes reported on in this article were calculated using only those foods recalled at both t 1 and t 2 . In addition, with the exception of alcohol intake, food intake frequencies reported for the mothers were restricted to contributions from foods investigated for the children as well as the mothers.
Food Composition Data
The NCI database, developed with responses from participants in the Second National Health and Nutrition Examination Survey (NHANES II), was the main source of information for portion sizes and caloric, ascorbic acid, and alpha-tocopherol contents of foods. 15 The Nutrient Data Base System developed by the Ohio State University Hospitals Department of Dietetics 16 and numerous literature sources were consulted for nutrients or foods not in the NCI database. Food content data for iodine, nitrate, nitrite, and NDMA levels were obtained from published sources. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Statistical Analyses Correlation measures. The daily dietary intakes estimated from food frequencies given at time t 1 were compared to intakes estimated from food frequencies reported at time t 2 . The Pearson Product-Moment correlation coefficient (r P ) was calculated as a measure of the correlation between the two sets of data. This was done separately for the following four groups: case mothers, control mothers, case children, and control children. Since dietary intake data are usually skewed to the right, 32 the r P values were calculated after natural logarithmic transformation. The intraclass correlation coefficient (r I ) was also calculated to quantify the extent of intra-subject agreement relative to the intersubject agreement. 33, 34 Since this also required a normality assumption, a natural logarithmic transformation was used here as well.
Temporal differences. The change in the DDI from t 1 to t 2 was calculated for each respondent as the difference D i between their DDI at t 1 and their DDI at t 2 . Statistical significance of the difference was assessed by performing a one-sample Wilcoxon Signed Rank Test. 35 As with the correlation coefficients, test statistics were computed separately for case and control mothers and children.
Case-control differences. The temporal change in cases was compared to that of controls by employing the Wilcoxon Signed Rank Test for matched pairs. For each case-control pair, the change in the DDI was first calculated for each case (D i(case) ) and control (D i(control) ). The overall case-control difference D i was then computed as (D i(case) -D i(control) ). For those cases with two matched controls, the D i(control) was calculated as the average of the DDI difference for the two controls. The matched-pair t statistic was computed and the test carried out in a manner similar to the one-sample test.
RESULTS
Of the 299 mothers interviewed in the original study, 155 returned the mail survey, and an additional seven interviews were conducted over the telephone. One case mother and three control mothers completed the survey only for themselves, while three case mothers and one control mother completed only the child's portion of the FFQ. The three case mothers were either foster or stepmothers, and were also the respondents to the original telephone survey. Three of the questionnaires were returned blank or were unusable for both the mother's and the child's diet, decreasing the number of usable responses for either mother or child to 55 cases (51.4%) and 104 controls (54.2%). Only 45 cases (42.1%) could be matched with 60 controls (31.2%) for mothers, children, or both. Despite the low response rate, the 45 cases and 60 controls included in the present analysis are quite similar to all original subjects on demographic and clinical characteristics (Table 1) . (It should be noted that mothers participating at t 2 were somewhat better educated than their t 1 counterparts.)
Mean DDI derived from the selected set of foods for mothers and children at t 1 and t 2 are given in Table 2 . For mothers, the mean DDI at t 2 were lower than the t 1 estimates for nitrate, alpha-tocopherol, and iodine, for both cases and controls. On the other hand, the mean intakes of ascorbic acid and NDMA were higher at t 2 than at t 1 , for both case and control mothers. Mean intakes of calories, nitrite, and alcohol also differed in the mothers, but the trends for reporting were in opposite directions: for case mothers, the t 2 DDI were all lower; for control mothers, the t 2 DDI were all higher. Except for alpha-tocopherol intakes in case mothers, none of these differences were statistically significant at the P Ͻ 0.05 level.
For case children, all estimated intakes were lower at t 2 than at t 1 . Differences in reporting were statistically significant as judged by the one-sample Wilcoxon Signed Rank Test for calories, alpha-tocopherol, and iodine. For control children, the same intakes plus ascorbic acid also differed between t 1 and t 2 , but were significantly higher at t 2 . The detailed results given in Table 2 are summarized in Table 3 . Note that for mothers, only 1/16 (6.3%) of the mean differences tested were statistically significant, compared to 7/14 (50.0%) for the children. Mothers also differed from children with respect to the direction of the temporal trends (footnote c of Table 3 ).
The r P values for the DDI of interest (and their lower 95% confidence limits) are found in Table 4 . Among case mothers, r P ranged from 0.43 for nitrite to 0.81 for alcohol, with calories having the lowest r P for control mothers (r P = 0.35) and nitrate having the highest (r P = 0.52). With the exception of ascorbic acid, the r P for all dietary components of interest was higher for the case mothers than for the control mothers. The r P values for the case children were higher than those of the control children for most components; however, the correlation of intake reported at t 1 with that at t 2 was higher for NDMA in the control children, and about equal in cases and controls for ascorbic acid. The r P values for all the children's diets were higher than the corresponding values for the mothers' diets, except for alpha-tocopherol in controls.
As with r P , there was some variability in the magnitude of the r I values, ranging from 0.42 (nitrite) to 0.82 (alcohol) and 0.23 (NDMA) to 0.51 (nitrate) for case and control mothers, respectively. The r I for case children varied from 0.32 (NDMA) to 0.95 (calories), while r I for control children was lowest for alpha-tocopherol REPEATED DIETARY RECALL 957 (0.47) and highest for ascorbic acid (0.66). Rough rankings can be made of the relative agreement of intakes within groups (for example, the r I for calories in case children was higher than the r I for nitrite in the same group of children). There appeared to be no pattern, however, to the consistency of any particular intake with respect to any other. Indeed, DDI which seemed to be highly consistent in one group of mothers or children appeared less consistent in the others. The Wilcoxon Signed Rank Test for matched pairs was performed to assess trends in reporting between cases and controls, and the results are summarized in Table 5 . No statistically significant case-control differences were seen in the reporting trends of the mothers from t 1 to t 2 . Striking differences did emerge, however, for trends in maternal reporting of food consumption patterns for the case and control children. The significant trends discussed above toward lower and higher reported intakes at t 2 for the case and control children, respectively, for calories, alpha-tocopherol, and iodine were reflected here as significant case-control differences for these three intakes. In addition, the trend for ascorbic acid was also significantly different for cases and controls, and reporting of NDMA almost reached significance.
Since these results suggested a different pattern of reporting by case and control mothers, reasons for this were examined. It has been suggested that the reporting of food intakes on an FFQ about some time in the distant past is in part influenced by current diet. For those children who died, however, there would be no current diet for comparison. Thus, the tests for case-control differences (among children) were repeated, stratified by vital status at t 1 (Table 6 ). It must be noted that vital status was not determined at t 2 , so there may be some misclassification of those children who died during the intervening 4.5 years. The misclassification would be most severe for those children diagnosed most recently, since they may not have reached the mean survival time for their tumour prior to the initial interview.
With the exception of nitrite, the magnitude of the casecontrol differences was greatest in those children who had died before the first interview. While the differential trend for reporting of alpha-tocopherol (P = 0.044, P = 0.052 for cases alive and dead, respectively at the first interview) and iodine (P = 0.056 and P = 0.052 for cases alive and dead, respectively, at the first interview) were still apparent in both groups of children, the effect for caloric, NDMA, and ascorbic acid intake was seen only in those children who had died prior to the first interview. No differential trends like these were seen for the intakes of the mothers of these children (data not shown). Post hoc power calculations were performed for mother's diet, since only one statistically significant difference was found (alpha-tocopherol, Table 2 ). Based on sample size calculations for a Student's t-test on mean differences for paired observations (α = 0.05 and prepost correlation assumed to be 0.70), power estimates varied widely by dietary component and casecontrol status, and were generally low. Of the 16 values calculated (case and control mothers, by eight dietary components), only 4/16 were Ͼ50%.
DISCUSSION
Previous studies have examined the ability of FFQ to measure nutrient intake reliably; the concensus opinion is that these types of instrument are useful tools for the study of associations between nutritional factors and disease, although their limitations are widely known. 2, 4, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] While men and women of various ages and ethnic backgrounds have been included in these studies, most were limited to healthy individuals, thus leaving open the question of disease status and its potential influence on retrospective reporting of diet. For example, Byers et al. 51 used an FFQ administered to parents to examine the temporal consistency of dietary intake in children, but the respondents were limited to the parents of healthy children.
The majority of previous studies in this area have reported r P values ranging from 0.40 to about 0.80, and r I values, when estimated, are generally in the same range.
2,36-51 Both the r P and r I values estimated in the current study for the case and control mothers were in the higher end of this range. In comparison, with few exceptions, these same coefficients measuring the correlation of reported children's diets were higher than those for the mothers, suggesting that the temporal consistency of the dietary intake data for the children appears similar to that of adults when assessed by means of a correlation coefficient.
In order for FFQ to be successfully used in casecontrol studies, they must be shown to be equally reliable for cases and controls. Very few studies, however, have included diseased people in the groups for which reliability has been assessed. Those studies which have examined FFQ in both cases and controls have generally carried out parallel tests in the two groups, [47] [48] [49] [50] but have not performed direct comparisons, as was done here.
In our study, when the change in estimated intakes of selected dietary components from time t 1 to t 2 by the case mothers was compared with the change in the control mothers, no substantial differences were observed. The size and direction of the errors in the selfreporting on both occasions were similar in case and control mothers, and therefore were probably not associated with the child's disease status. This, coupled with the magnitude of the correlation coefficients, suggests that the FFQ approach was an adequate measure of the mother's intake of selected food items during pregnancy.
On the other hand, the results for the children showed a strikingly different pattern compared to their mothers. Despite relatively high r p and r I values, several estimated intakes for both case and control children differed from t 1 to t 2 . While those compounds showing the greatest t 1 to t 2 differences among the cases correspond to those with the greatest differences among controls, the changes in reporting tended to be downwards in cases and upwards in controls, resulting in significant casecontrol differences for the majority of dietary components studied. Thus, while the values of r I and r P suggest that the magnitude of the deviations in reported intake between t 1 and t 2 were similar, these coefficients did not reflect differences in the direction of the case and control trends.
It is possible that recall bias may have influenced the mothers' ability to report exposures occurring prior to the diagnosis of cancer in their children. In this study, however, there were differences in the children's reported dietary intakes, while no such differences were seen when the mothers reported their own diets. This suggests, then, that the lack of consistency of the FFQ results was specific to the children's, not the mother's, diets. It could be argued that disproportionate awareness on the part of case mothers about dietary hypotheses pertaining to their child's illness might have prejudiced their reporting, although this seems unlikely given the calendar period of interviewing (early 1980s).
The original (t 1 ) dietary questionnaire was part of a lengthy telephone interview focusing on a number of putative risk factors for childhood brain tumours. 9 Due to time and budgetary constraints, the second questionnaire was administered through the mail to most of the respondents, and the additional information gathered was restricted to dietary intakes pertaining to N-nitroso (and related) compounds. It is acknowledged that the use of different survey instruments at times t 1 and t 2 could possibly result in some variation in responses on the two occasions. Whether any reporting differences were a result of the mail versus telephone contact or other aspects of administration (such as obtaining portion size at t 2 only) could not be determined. Although some mothers were interviewed by telephone on both occasions, there were too few of them to examine separately. Furthermore, it could be argued that if FFQ are truly reliable methods for dietary assessment, they should be effective no matter what the mode of administration. Whether this methodology is better applied through the mail, the telephone, or in-person has not been widely addressed, although Sobell et al. 52 have suggested that FFQ may be inadequate when mailed. Their conclusions were based on a large number of incomplete surveys returned by a group of elderly men and lower correlation coefficients with actual records of food intake for a mailed questionnaire compared to a face-to-face interview. They attributed this to difficulty in understanding the instructions when the questionnaire was mailed. In the current study, however, mothers who appeared to have filled out the FFQ incorrectly were excluded. For the remaining respondents, it is unknown whether responses to mailed questionnaires contained more errors than those obtained by telephone. The mailing procedure let the respondent complete the questionnaire at her leisure, and presumably allowed more careful attention to the given task. On the other hand, the presence of an interviewer, on the telephone or in person, could help focus the attention of the respondent, enhancing the quality of the responses.
As noted above, the slight differences in the questionnaires themselves, as well as the different administration circumstances, could partially account for differences in responses on the two occasions. While alterations in the circumstances under which the instrument was administered could explain part of the within-group variation between t 1 and t 2 , they cannot explain the apparently different reporting patterns for the case and control children, since both cases and controls were subject to the same differences. Neither can the trends be explained by the reliance upon surrogate-supplied information, since both case and control children's diets were similarly reported by someone other than the index child.
The problem of obtaining complete data was a factor in the present study. It clearly affected the sample size, and therefore, the power of the study. Given the relatively low power for mother's diet as indicated in the Results section, this must therefore be acknowledged as one possible explanation for the negative findings here. Despite the relatively poor response rate, demographic (and clinical) characteristics (Table 1) indicated that those responding were generally similar to those not responding. Thus, although the size was small, the sample used for the present study appears to be representative of the original group.
Since this study attempted to measure the temporal consistency of retrospective reports of food intake, the main focus was on errors in the measurement of past diet. In general, random errors in exposure variables result in a bias towards the null. While troubling, such errors tend to be somewhat predictable. Misclassification that is related to disease status, however, has no such predictable action. Measures of association can be distorted, making it difficult to untangle true associations from errors of measurement. The results presented here suggest that the use of retrospective reports supplied by parents of previous dietary habits of children may be inappropriate in a case-control study, especially when a parent may be reporting historical food intake patterns of a child who is deceased at the time the parent is questioned. 
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